Abstract
Introduction

17
One of the most frequently cited industrial examples of 18 azeotropic distillation is ethanol dehydration using toluene as 19 entrainer [1] [2] [3] [4] . In fact, it is easy to find engineering compa-20 nies that design plants to obtain anhydrous ethanol which name 21 toluene as the most widely used entrainer in their projects. 22 Design of this industrial separation process suitable for the 23 dehydration of ethanol by azeotropic distillation requires knowl- 24 edge of the equilibrium data of the system. Various researchers 25 have paid attention to the study of the water + ethanol + toluene 26 ternary system and several papers have been published about the 27 liquid-liquid equilibrium (LLE) at constant temperature [5-18] 28 or at the boiling temperature [19, 20] . 29 However, vapour-liquid equilibrium (VLE) data at a con- tem. Knowledge of these data is essential to the design of an 34 azeotropic distillation column to the dehydration of ethanol. 
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Regarding the type of ternary azeotrope water-ethanol- 36 toluene is at atmospheric pressure, disparities exist among 37 the data. Some authors classify it as a minimum-boiling 38 heterogeneous azeotrope and others as a minimum-boiling 39 homogeneous azeotrope. Note that although toluene could be 40 used as an entrainer in the heterogeneous azeotropic distilla-41 tion of ethanol and water, this does not necessarily imply that 42 the water + ethanol + toluene ternary system constitutes a ternary 43 heterogeneous azeotrope. The necessary requirement is that the 44 vapour leaving the top of the azeotropic column split into two 45 liquid phases when it is condensed and subcooled.
46
Consulting azeotropic databases we found the following.
In the old azeotropic database of Horsley [21] where the type 48 of azeotrope is not reported, two references have been encoun-49 tered, one of Lecat [22] and the other from Union Carbide 50 Chemicals Co. [23] .
51
In the more complete azeotropic database of Gmehling et 52 al. [24] , in which the type of azeotrope is specified, the ternary 53 azeotrope water-ethanol-toluene is classified as heterogeneous.
54
Three different bibliographic references are cited in the database 55 regarding this ternary azeotrope.
56
In the first, Young and Fortey [25] , only the boiling tempera-57 ture is given. In the second, Arzhanov et al. [19] , the azeotrope 58 is classified as heterogeneous. However, on the graphical rep- The most recent "DETHERM" database [26] 
92
Since the recent tendency is to consider the water-ethanol
93
-toluene system a ternary heterogeneous azeotrope at atmo-94 spheric pressure [30] , whereas older data indicates that it is 95 homogeneous, it seems necessary to make a study of the VLLE 96 of the system, which data is not available in the literature. The 97 study reported in this article will permit distinction between 98 homogeneity and heterogeneity for the ternary azeotrope and 99 contribute to a better knowledge of the VLLE which is useful 100 for the design of azeotropic distillation processes. state is maintained throughout the apparatus during operation.
123
The experimental procedure used is the same as that reported in 124 previous studies [32] [33] [34] . Consequently, only the essential parts 125 are reproduced here.
126
For VLE determinations, the apparatus was used with- 
223
VLE data for the homogeneous region are shown in Table 2 224 and is graphically represented by Fig. 3 . The ternary VLE and
225
VLLE experimental data has been tested by the point-to-point Table 3 .
234
It is worth noting that in the middle of the diagram in Fig. 3 Table 4 .
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The given experimental data for the azeotrope at atmospheric Table 4 and all of them 264 are lower than the azeotropic temperature. In conclusion, the 265 azeotrope is homogeneous.
266
On the other hand, it is true that all the azeotropic compo-267 sitions of Table 4 Table 4 Ternary azeotrope for the water (1)-ethanol (2)-toluene (3) system (mole fractions) at 101.3 kPa as obtained by various authors 70 Young and Fortey [25] T b , azeotrope temperature; T UCST , upper critical solubility temperature. 
Conclusions
292
The VLE and VLLE data obtained are consistent with data 293 published previously. These data point to the existence of a 294 ternary azeotrope.
295
Despite the fact that various bibliographic sources classify the 296 ternary azeotrope as heterogeneous, it has been experimentally 297 proven that the water-ethanol-toluene azeotrope is homoge-298 neous.
299
VLLE data obtained by means of different activity-coefficient 300 models have been compared with those which are experimental.
301
These models always predict a heterogeneous region bigger than 
